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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
ACTING AS RECEIVING OFFICE FOR THE PCT 

In re Application of: § Attorney Docket No. : Muller-4 1 

§ 

Rainer Glockler and Arnold Meyer § 

§ 

Int'l. Appln. No.: PCT/DE00/02138 § 

§ 

Int'l. Filing Date: 5 July 2000 § 

§ 

Priority Date: 6 July 1999 § 

§ 

U.S. Serial No.: To Be Assigned § 

§ 

U.S. Filing Date: Herewith § 

§ 

For: Method of Producing Aluminum § 
Hydroxides by Precipitating § 
Aluminum Salts in the Presence § 
of Seed Crystals § 
[as amended] § 

PRELIMINARY AMENDMENT 

Box PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Kindly amend the above-identified application as follows: 

In the Specification 

On page 1 , in lines 1 -2, kindly delete the title and insert therefor the following new title: 
METHOD OF PRODUCING ALUMINUM HYDROXIDES BY PRECIPITATING 
ALUMINUM SALTS IN THE PRESENCE OF SEED CRYSTALS 



1 



-2- 

On page 1 , after the title and before line 4, please insert the following new heading and 
subheading: 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

On page 1, at line 6, please insert the following new subheading: 
DESCRIPTION OF THE PRIOR ART 

On page 2, at line 16, please insert the following new heading: 
SUMMARY OF THE INVENTION 

On page 2, at line 25, please insert the following new heading: 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the Claims 

Please cancel Claims 1-8. 

Please add the following new claims, 9-20: 

9. A procedure for manufacturing boehmitic and/or pseudo-boehmitic alumina 
by precipitating basic and/or acidic aluminum salts, comprising precipitating 
said salts from an aqueous medium containing the following as the crystal 
nuclei: 

(a) 0.1 to 5 % w/w of alumina hydrates and/or aluminas relative to the 
precipitated alumina hydrates and computed as Al 2 0 3 , wherein the 
crystal nuclei (a) in the medium have an average diameter of 20 to 1 50 
nm. 



A procedure for manufacturing alumina hydrates by precipitating basic and/or 

acidic aluminum salts, comprising precipitating said salts from an aqueous 

medium containing the following as the crystal nuclei: 

(b) 0.1 to 5% w/w of organic polymers/oligomers relative to the 
precipitated alumina hydrates and computed as A1 2 0 3 , which form 
latices in the medium, wherein the crystal nuclei (b) in the medium 
have an average diameter of 12 to 250 nm. 

A procedure according to any one of claims 9 or 10 wherein the average 
diameter is from 50 to 100 nm. 

A procedure according to any one of claims 9 or 10, wherein crystal nuclei in 
an amount of 0.5 to 2 % w/w relative to the precipitated alumina hydrates and 
computed as A1 2 0 3 are used for precipitation. 

A procedure according to any one of claims 9 or 10, wherein the crystal nuclei 
are prepared in an aqueous, acidic solution and one or more basic aluminum 
salts and one or more acidic aluminum salts are jointly added. 

A procedure according to claim 10, characterized in that polyacrylic acids, 
polymethacrylic acid, polyacrylates, polystyrenes, polyvinyl acetates, polyvinyl 
versalates and their mixtures or copolymers are used as organic polymers. 

A procedure according to any one of claims 9 or 10, characterized in that alkali 
aluminates, earth alkali aluminates or aluminum hydroxy salts are used as the 
basic aluminum salts. 

A procedure according to any one of claims 9 or 10, characterized in that 
aluminum sulfate, aluminum nitrate, aluminum chloride or aluminum formiate 
are used as the acidic aluminum salts. 

A procedure according to any one of the claims 9 or 10, characterized in that the 
bulk of the alumina hydrate is precipitated at a pH value of 5 to 9. 



18. 



A procedure according to claim 17 wherein the pH value is from 6 to 8. 



19. A boehmitic alumina and/or pseudo-boehmitic alumina with a pore volume of 
1.25 to 1.6 ml/g and an average pore radius of 6 to 12 nm, each relative to a 
determination based on pore radii of 0 to 100 nm, at a crystallite size, determined 
on the 120 reflex, of 3 to 5 nm, manufactured according to a procedure of any one 
of claims 9 or 10. 



20. A procedure for manufacturing boehmitic and/or pseudo-boehmitic alumina by 
precipitating basic and/or acidic aluminum salts comprising precipitating said 
salts from an aqueous medium containing the following crystal nuclei: 



(a) 0.1 to 5 w/w of alumina hydrates and/or aluminas relative to the 
precipitating alumina hydrates and computed as A1 2 0 3 wherein the crystal 
nuclei (a) in the medium have an average diameter of 20 to 150 nm and, 

(b) 0. 1 to 5% w/w of organic polymers/oligomers relative to the precipitated 
alumina hydrates and computed as A1 2 0 3 , which form lattices in the 
medium, wherein the crystal nuclei (b) in the medium have an average 
diameter of 12 to 250 nm. 
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n-$$ 004 PCT Application as originally filed 

Method for Producing Alumina Hydrates by Precipitating Aluminum Salts iu 
the Presence of Crystal Nuclei 

The invention relates to a method for producing alumina hydrates by precipitating 
5 aluminum salts in the presence of crystal nuclei of a specific size, 



Known in the art are procedures for manufacturing boehmitic aUmina or alpha- 
alumiuum oxide monohydrates by neutralizing basic alumiuate solutions, e.g., with 
sulfuric acid or acidic aluminum salt solutions. In this case, the alumina hydrates 
10 are generally precipitated at a pH value of between 4.5 and 7, However, the 
literature also describes procedures in which the alumina hydratesVe precipitated at 
apH of 7 to 10, 

The use of crystal nuclei during the precipitation of alumina is also known, In the 
15 procedure described in DE 21 25 625-C2, a sodium aiuminate soiution is reacted 
with nitric acid in a first boiler, precipitated in a second boiler, wherein a partial 
flow is removed from the latter and routed to the first boiler. According to the 
procedure described in DE 21 25 625-C2, pore volumes of up tc 033 cm 3 /g are 
obtainable. 

20 

US 4,154,812 describes a procedure for the manufacture of alumna hydrates that 
involves 5 phases: 

1, Formation of crystal nuclei from an aqueous aluminum Jialt solution by 
25 adding aluminum sulfate in water and setting a pH of 2 to 5. 

2, Precipitation of the boehmitic alumina by setting a pH value of between 7 
and 8 via the simultaneous addition of basic aiuminate and acidic aluminum 
salt solutions. 

3, Setting of a pH value of between 9,5 and 10.5 by adding u corresponding 
30 quantity of aiuminate solution. 

4, Repeated stirring of the alumina suspension, 

5, Filtration of the suspension and washing of the filter cake. 



35 



The procedure according to US 4,154>812 is characterized by tht* observance of 
defined pH values and temperatures (54 to 82 °C) during specific phases of the 
reaction. 
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The boehmitic alumina obtainable according to this procedure exhibit a pore 
volume (0-60 nm) of less than or equal to 0,82 ml/g after an activation (400 °C for 
30 minutes), These products exhibit 0,02 %w/w Na^Q and 0,2 %w/w sulfate relative 
to 72,5 %w/w AhCh as the primary contaminants. US 4,154,812 describes the 
5 porosity of the boehmitic alumina as being influenced by the pH value, 
concentration and temperature, At the arising pH value of 2 to 5, or 3 to 4, partial 
hydrolysis of the acidic aluminum salt produces boehmitic alumina in the form of 
crystals given a high dilution and a temperature of 140 to 170 °F. These crystals act 
as nuclei during the subsequent precipitation. Obtained in this wg.y are boehmitic 
10 silica that exhibit pore volumes of 0.8 to 0,9 ml/g. 

US 4,248,852 describes a procedure for manufacturing y-alumina with a high pore 
volume, According to this publication, aluminum salts and aluminales are reacted in 
such a way that several reaction phases with respectively differeut pH values (pH- 
H; 15 swing) must be traversed. 



The object of this invention is to manufacture alumina hydrates with crystallite sizes 
of 3 to 5 nm and pore volumes exceeding 1,0 ml/g, preferably exceeding 1.25 ml/g, 
.2 especially pieferred exceeding 1.6 ml/g by neutralizing basic alununate solutions, 

20 The object of the invention is also to provide a procedure that mal<es it possible to 
generate products with an adjustable pore radius distribution, pore mze and specific 
surface. In addition, the procedure according to the invention must be easy to 
execute, and not involve the complicated sequence of varying procedural steps 
known from prior art. 

25 

It was surprisingly shown that adding inorganic and organic particles, whose 
average particle sizes lie in the nanometer range in the receiver of the precipitate 
influences precipitation in such a way that the precipitated boehmitic alumina 
hydrates exhibit a pore volume of 1 .0 to 2.5, in particular of 1 .0 to 1.6 ml/g, and an 
30 average pore radius of 6 to 12 nm. This is made all the more remarkable by the fact 
that the inorganic particles used as the crystal nuclei themselves only exhibit a pore 
volume in this area of 0,5 ml/g, 



35 



The procedure according to the invention is characterized in thai the precipitate 
comprised of aqueous solutions of an acidic aluminum salt and a basic aluminate 
solution in an aqueous receiver containing 
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alumina hydrate and/or alumina, which exhibits average parlicle diameters in 
aqueous media of 12 to 250 nm, preferably 20 to 150 nm, and especially 
preferred 20 to 1 00 nm, or 

0.1 to 5 %w/w of organic polymers or oligomers relative tc the precipitated 
5 alumma hydrates and computed as Al 2 03, which exhibit pa-tide sizes of 12 

to 250 nm, and especially prefeiTed 20 to 150 nm or 50 lo 100 nm, or 
any mixtures of the latices and alumina/alumina hydrate particles described 
above. 

10 In the procedure according to the invention* alumina hydrates with a very high pore 
volume (as determined per DIN 66134) and an average pore radius of 6 to 12 nm (as 
determined per DIN 66134) are accessible at a crystallite size cif 3 to 5 nm as 
determined via X-ray diffraction on a 120 reflex. 

15 The procedure is preferably executed in such a way that 

the crystal nuclei are presented in an aqueous acidic solution, and 
one or more basic aluminum salts ? e.g. } alkaline or earth-alkaline aluminates 
and one or more acidic aluminum salts (including aluminum oxy salts), e.g., 
20 aluminum sulfate, aluminum nitrate, aluminum chloride, aluminum formiate 

or aluminum oxy chloride or aluminum oxy nitrate, are added, preferably 
essentially together, or 

the busic aluminum compound is precipitated by adding an aqueous acid, or 
the acidic aluminum compound is precipitated by adding an nqueous base. 

25 

The crystal nuclei comprised of alumina hydrates and/or alumina, v/hich in aqueous 
media exhibit average particle diameters of 12 to 250 nm, preferably 20 to 1 50 nm, 
and especially preferred 50 to ]00 nm, themselves generally consist of agglomerates 
of crystallites, which preferably exhibit relatively high crystallite s* zes exceeding 4 
30 nm, preferably between 4 and 40 nm. 

Precipitation preferably takes place from aqueous dispersions of alumina particles 
with the addition of 0.1 to 5 %w/w of the inorganic crystal nuclei, preferably 0.5 to 
2 %w/w and especially preferred 1 to 1.5 %w/w relative to tae Ah0 3 to be 
35 precipitated in all. 
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However, the precipitation can also lake place from aqueous dispersions of organic 
compounds described above, which form lalices in the precipitation medium- 

In terms of the invention, latex is a colloidal dispersion of organic polymers or 
5 oligomers in an aqueous medium, Suitable for the creation of latice;5 are polymers or 
oligomers that exhibit a carbon chain of more than 20, preferably more than 100 
carbon atoms as the basic framework, and additionally are preferably fabricated out 
of monomer units containing at least one double bond, preferably u vinyl or acrylic 
double bond, Those include the following polymers/oligomers: Polystyrene, 
10 polyacrylic acid, polymethacrylic acid and polyvinyl acetate, along with their 
copolymers and mixtures, Suitable compositions include those available from the 
company Neste Chemicals GmbH under the trade name Dilexo. 

In this embodiment, the organic compounds are used in an amount of 0.1 to 5 
15 %w/w 3 preferably 0,5 to 2 %w/w, and especially preferred 1 to 1,3 %w/w, relative 
the total alumina hydrate to be precipitated (determined as Al^Oa). 

Precipitation takes place in an aqueous receiver that consists of a dispersion of 
inorganic or organic particles, or a mixture of an acidic aluminum salt and a 
20 dispersion of inorganic or organic particles, Precipitation preferably takes place at a 
temperature of 20 to 98 °C, especially preferred 60 to 80 °C, The bulk of the 
alumina hydrate is precipitated at a pH value of 5 to 9, especially preferred 6 to 8. 

The alumina hydrates manufactured according to the invention exhibit a distinctly 
25 lower content of anionic (e,g. s sulfate) and cationic (e.g., sodium) contaminants than 
conventionally fabricated ones. 

Gibbsitc, Nordstrandite, amorphous alumina, Bayerite and diaspora can be used as 
the crystal nuclei, with boehmitic and/or pseudo-boehmitic alumina being preferred. 

30 

The crystal nuclei that can be used according to the invention are accessible 
according to the procedure described in DE 38 23 895-Cl, for oxample. In this 
procedure, boehmitic alumina with an average pore radius of 3 to 100 nm can be 
manufactured via the hydrothermal ageing of an alumina suspension obtained via 
35 the hydrolysis of aluminum alkoxides, Hydrothermal ageing causes the crystallite 
sizes to grow to up to 40 nm in the respective spatial directions, Thfr pore volume of 
meee boeumUic aluminas ranges from 0,6 to 0.8 ml/g. However, a procedure 
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according to DE 43 37 643-C1 is better suited for the manufacture of the crystal 
nuclei useable according to the invention. When using crystal nuclei fabricated 
according to this procedure, precipitation products with higher pore volumes are 
obtained. The disclosure in DE 43 37 643-Cl will hereby express .y be included in 
5 the contents of this application. 



The organic compounds do not act as opening materials, which a;*e known for the 
fabrication of ceramics, The organic compounds used according to the invention are 
added in small quantities relative to these applications, while the opening materials 
10 are added primarily in quantities exceeding 10 %w/w. As opposed ':o the receiver of 
organic parades, the alumina hydrates according to this embodiment exhibit a 
higher content of anionic contaminants, 



Alumina hydrates obtainable according to this procedure are preferably boehmitic or 

y 

^ 15 pseudo-boehmitic aluminas, 
M- Experimental Section: 

J*j The crystallite sizes of the boehmitic aluminas were determined at 120 reflex using 

,g the general Scherrer formula: 



20 



25 



30 



35 



Crystallite s.ize ~(Kx lambda x 57,3)/(beta x cos theta) 

K (form factor): 0.992; lambda (wavelength of X-ray radiation): 0,154 nm; beta 
(corrected industrial broadening of spectral lines): reflex-dependent; theta: reflex- 
dependent. 

The measurements were performed on an X'pert-type XRD device aiade by Philips, 
Measuring parameters: start angle [°28]: 5.010; end angle [ e 29]: 79.990; start d- 
value [A]: 17.62435; end d-value [A]: 1.19850; anode material: Cd; al wavelength 
[A]: 1.54060; ct2 wavelength [A]: 1.54439. 

The pore si2.e distribution, overall pore volume and specific surface are determined 
via nitrogen adsorption according to DIN 66134 with a device from the 
Quantachrome company. The contaminants were determined via atomic emission 
spectroscopy with inductively coupled plasma (AES-ICF, SPECTRO company), 

Example 1 (Comparison Example) 
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**** 



3 



31.6 kg of water were heated to 70 °C in a 350 1 mixing vessel equipped with 
stirring system, heating jacket and pH measuring device. An aluminum sulfate 
solution wa>i added (6.2 % A1 2 0 3 ) until a pH value of 3.5 was established. Mixing 
took place for 5 minutes under these conditions (62 RPM). S absequently, the 
aluminum sulfate solution (2.16 1/h) and a sodium aluminate solution (21.1 % 
A1 2 0 3 , 16,8 1/h) were simultaneously added while mixing to set a pH value of 7.3. 
The precipitated boehmitjc alumina was filtered out, washed with fully desalinized 
water (50 g water/g alumina), and dried with a spray dryer (air outlet temperature 
120 °C). 



After activated for 3 h at 550 °C, the product obtained according to the comparison 
example exhibits the pore size distribution indicated in Table 1, an overall pore 
volume (0 to 100 nm) of 0.89 ml/g, and a specific surface of 280 rr. 2 /g. In this case, 
the average pore radius measured 5,8 nm. The crystallite size determined on the 120 
15 reflex measured 4 nm, Contaminants were determined via atomic emission 
spectroscopy with inductively coupled plasma (ABS-1CP, SPECTB.O company). In 
this case, a Na content of 132 ppm and sulfate content of 0.12 % whs obtained at an 
AI2O3 content of 72.5 %, 

20 Example 2 

1.23 kg of a 65 % nitric acid followed by 1.43 g of PURAL SB-1 (CONDEA) were 
mixed into 98.77 kg of water to manufacture an alumina sol. The avsrage size of the 
alumina particles in the sol measures 65 nm. 

25 

To precipitate the boehmitic alumina, the alumina sol is heated to 70 °C. The pH 
value is subsequently raised by adding sodium aluminate solution (21,1 % A1 2 0 3 , 
16.8 1/h) and set to 7.3 via the simultaneous addition of aluminum sulfate solution 
(6.2 % AI2O3, 21 .6 1/h). The precipitated boehmitic alumina was filtered off, washed 
30 with fully desalinized water (50 g water/g alumina), and dried with a spray dryer 
(air outlet temperature 120 °C). 

The pore siz* distribution, overall pore volume, specific surface and contaminants 
were determined based on the method described in the experiment section, After 
35 activated for 3 h at 550 °C, the product obtained according to Example 2 exhibits 
the pore size distribution indicated in Table 2, an overall pore volume (0 to 100 nm) 
of 1.35 ml/g, and a specific Surface of 274 m z /g. In this case, the average pore 
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radius measured around 12 nm. The crystallite size determined on the 120 reflex 
measured 4 am, the Na content 58 ppm, and the sulfate content 504 ppm. 

Example 3 

5 

20 kg of glacial acetic acid followed by 1,43 kg of DISPERAL ® sol P3 (CONDEA) 
were mixed into 80 kg of water to manufacture an alumina sol. TTus average size of 
the alumina particles in the sol measured 22 nm, 

10 To precipitate the boehmitic alumina, the alumina sol was heated to 70 °C, The pH 
value was subsequently raised by adding sodium aluminate solution (21.1 % AhQ^ 
16.8 1/h) and set to 7.3 via the simultaneous addition of aluminum sulfate solution 
(6,2 % AhO.), 21.6 1/h), The precipitated boehmitic alumina was filtered off, washed 
with fully desalinized water (50 g water/g alumina), and dried with a spray dryer 

1 5 (air outlet temperature 120 °C). 

The pore size distribution, overall pore volume, specific surface and contaminants 
were determined based on the method described in the experiment section. After 
activated for 3 h at 550 °C, the product obtained according to Example 3 exhibited 
20 an overall pore volume (0-100 nm) of 1 .46 ml/g and a specific surface of 277 m 2 /g. 
In this case, the average pore radius measured around 10 nm. The* crystallite size 
determined on the 120 reflex measured 4 nm, The Na content measured 53 ppm, and 
the sulfate content 539 ppm. 

25 Example 4 

1 kg of formic acid followed by 1.43 kg of CATAPAL A (CONDgA Vista) were 
mixed into 99 kg of water to manufacture an alumina sol. The average size of the 
alumina particles in the sol measured 90 nm. 

30 

To precipitate the boehmitic alumina, the alumina so] was heated to 70 °C. The pH 
value was subsequently raised by adding sodium aluminate solution (21.1 % Al 2 0 3 , 
16.8 1/h) and set to 7,3 via the simultaneous addition of aluminum sulfate solution 
(6.2 % AhO}, 2K6 1/h). The precipitated boehmitic alumina is filtered off, washed 
35 with fully desalinized water (50 g water/g alumina), and dried wifi a spray dryer 
(air outlet temperature 120 °C). 
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The pore sue distribution, overall pore volume, specific surface and contaminants 
are determined based on the method described in the experiment section. After 
activated fox 3 b at 550 °C, the product obtained according to Example 4 exhibits an 
overall pore volume (0-1 00 nm) of 1 .25 ml/g and a specific surface of 277 m 2 /g. In 
this case, the average pore radius measures around 11 nm. The. crystallite size 
determined on the 120 reflex measured 4 nm, the Na content 116 ppm, and the 
sulfate content 464 ppm. 

Example 5 

1,23 kg of 65 % nitric acid followed by 1 .43 kg of PURAL 200 (CONDEA) were 
mixed into 98,77 kg of water to manufacture an alumina sol. The average size of the 
alumina particles in the sol measures 240 nm. 

15 To precipitate the boehmitic alumina, the alumina sol is heated to 70 °C. The pH 
value is subsequently raised by adding sodium alumhate solution (21,1 % AI2O3, 
16,8 ]/h) and set to 7.3 via the simultaneous addition of aluminum sulfate solution 
(6.2 % AhO.w 21.6 1/h). The precipitated boehmitic alumina is filtered off, washed 
with fully desalinized water (50 g water/g alumina), and dried wiih a spray dryer 



10 



HI 20 (air outlet temperature 120 °C). 



jS The pore size distribution, overall pore volume, specific surface and contaminants 

were determined based on the method described in the experiment section. After 
activated for 3 h at 550 °C 5 the product obtained according to Example 5 exhibits an 
25 overall pore volume (0-100 nm) of 0,98 ml/g and a specific surface of 279 m 2 /g. In 
this case, the average pore radius measured around 7 nm, The crystallite size 
determined on the 120 reflex measured 4nra, the Na content 4^. ppm, and the 
sulfate content 0,1 %. 



30 



The pore properties of the aluminas obtained according to examples 2 to 5 are 
summarized in Table 1 as a function of the average particle size in the prepared sol: 
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Table 1 

Average particle size Pore volume Average pore radius in sol 

(0-100 urn) 

22 nm 1 .46 ml/g 1 0 run 

65 nm 1,55 ml/g 12 nm 

90 nm i, 25 ml/g 11 nm 

240 nm 0.9Gml/g 7 nm 

As evident, a maximal pore volume and a maximal average pors radius can be 
5 achieve din tlie area of a sol with a particle size of 65 nm in the aqueous receiver, 

Example 6 

H 5 2.2 kg of a polymer dispersion consisting of acrylic acid and methacrylic acid 

10 (DILEXO MM 1 6 3 NESTE Chemicals GmbH, Dtlsseldorf) were mixed into 90 kg of 
§2 water. The average particle size in the dispersion measured 39 nm. 



5#4 



?= ii 



ru 

20 



To prepare the precipitate, the polymer dispersion was set to a pH of 3,5 by adding 
aluminum sulfate solution drop-by-drop and heated to 70 °C. To precipitate the 
15 boehmitic alumina, the pH value was raised by adding sodium aiuminate solution 
(2L1 % AhCh* 16.8 1/h) and set to 7.3 via the simultaneous addition of aluminum 
sulfate solution (6,2 % AhCh, 21.6 1/h), The precipitated boehmitic alumina was 
filtered off, washed with fully desalinized water (50 g water/g alumina), and dried 
with a spray dryer (air outlet temperature 120 °C). 



The pore size- distribution, overall pore volume, specific surface and contaminants 
were determined based on the method described in the experiment section, After 
activated for 3 h at 550 °C, the product obtained according to Example 6 exhibited 
an overall pore volume (0-100 um) of 1.20 ml/g and a specific surface of 325 nr/g, 
25 In this case, the average pore radius measured around 7 nm. The crystallite size 
determined on the 120 reflex measured 4 nm, the Na content 94 ppm, and the 
sulfate content 1.0 %. 
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Example 7 

2.2 kg of a polymer dispersion consisting of acrylic acid and methacrylic acid 
(DJLEXO MM 16, NESTE CbemicaJs GmbH, Diisseldorf) were mixed into 90 kg of 
5 water. The average particle size in the dispersion measured 39 nm. 

To prepare Ihe precipitate, the polymer dispersion was set to a pH of 3.5 by adding 
aluminum sulfate solution drop-by-drop and heated to 70 "C. To precipitate the 
boehmitic alumina, the pH value was lowered by adding aluminum sulfate solution 
10 (6.2 % A1 2 () 3j 21.6 1/h) and set to 7.3 via the simultaneous addition of sodium 
aluminate solution (21.1 % A1 2 0 3 , 16.8 1/h). The precipitated boehmitic alumina 
was filtered off, washed with fully desalinized water (50 g water/g alumina), and 
dried with a spray dryer (air outlet temperature 120 °C). 

15 The pore size distribution, overall pore volume, specific surface acid contaminants 
were determined based on the method described in the experiment section, 

After activated for 3 h at 550 a C, the product obtained according to Example 7 
exhibited an overall pore volume (0400 nm) of 1.20 ml/g and a specific surface of 
299 m 2 /g. la this case, the average pore radius measured around 7 nm. The 
O crystallite sis;e determined on the 1 20 reflex measured 3 nm, the Na content 72 ppm, 

4* and the sulfate content 1 .0 %, 

ry 

p The alumina hydrates manufactured in examples 1 lo 7 exhibit the pore radius 

ftj 25 distribution, pore volumes and pore surface exhibited in Table 2, 



jsaSs. 



20 



30 



35 
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Example l 

Radius 

A 

11.53 

13.32 

14.09 
14.9 

15.72 

16.48 

17.45 

18.43 

19.45 

20.78 

22.22 

23.65 
25.2 

27.11 
29.3 

31.67 

34.34 

36.46 

37.78 
38.9 

40.32 

42.08 

43.85 

45.83 
47.8 

49.89 

52.56 

54.97 

57.35 

60.87 

64.24 

68.48 

73.65 

78.69 

84.41 

90.71 

98.16 
108.02 
120.49 
135.88 
155.57 

182.4 
223 
294.58 
420.95 
651,25 
1 173.10 



Pore vol. 
[cc/gj 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.34E-03 
4.86E-03 
1.12E-02 
2.43 E-02 
5.96E-02 
1.30E-01 
2.59E-01 
4.18E-01 
4.79E-01 
5.25E-01 
5.70E-01 
6.11E-01 
6.44E-01 
6.69E-01 
6.94E-01 
7.09E-01 
7.29E-01 
7.52E-01 
7.60E-01 
7.76E-01 
7.89E-01 
7.97E-01 
8.10E-01 
8.17E-01 
8.24E-01 
8.30E-01 
8.36E-01 
8.42E-01 
8.47E-01 
8.52E-01 
5.57E-01 
8.62E-01 
8.67E-01 
8.72E-01 
8.77E-01 
8.83E-0I 
8.88E-01 
S.92E-01 



Table 
Example 2 
Radius 
A 

11.48 

13.25 

14.08 

14.77 

15.62 

16.52 

17.48 

18.46 

19,46 

20.74 

22,14 

23.68 

25.35 

27.03 

29.06 

31.45 

34.21 
36.3 

37.43 

38.94 

40,51 

42.04 

43.91 

45.89 

47.93 

50.24 

52.73 

55.27 

58.24 

61.61 

65.19 

69.45 

74.02 

79.49 

85.94 
92.9 
101.74 
112.74 
126.63 
143.35 
164.42 
195.37 
241.94 
323,12 
454.54 
809.41 
1429.05 



Pore vol. 
[cc/g] 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.64E-04 
1.71E-03 
6.25E-Q3 
1.18E-02 
3.19E-02 
3.97E-02 
5.34E-02 
7.13E-02 
9.29E-02 
1.21E-01 
1.62E-01 
2.02E-01 
2.45E-01 
3.06E-01 
3.64E-01 
4.19E-01 
4.88E-01 
5.42E-01 
5.97E-01 
6.70E-01 
7.20E-01 
7.77E-01 
8.40E-01 
8.95E-01 
9.58E-01 
1.02E-00 
1.08E-00 
1.14E-00 
1.20E-00 
1.26E-00 
1.32E-00 
1.39E-00 
1.44E-00 
1.52E-00 
1.55E-00 



Example 3 
Radius 
A 

11,6 

13.26 

14.02 

14.83 

15.68 

16.59 

17.55 

18.55 

19.52 

20.77 

22.09 

23.43 

25.16 

27.15 

29.27 

31.49 

34.07 

36.27 

37.66 

38.98 

40.55 
42.3 

43.92 

45.74 

47.95 

50,15 

52.48 

55.15 

58.31 

61.46 

65.02 

69.05 

73.86 
79.4 

85.09 

92.49 
101.15 
112.23 
125.42 
142.44 
168.89 
190.43 

231,5 
297.27 
432.76 
701.87 
1007.56 



Pore vol, 
[cc/g] 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.95E-03 

1.63E-02 
5.28E-02 
8.50E-02 
1.17E-01 
1.63E-01 
2.27E-01 
3.06E-O1 
3.62E-01 
4.15E-01 
4.87E-01 
5.43E-01 
6.07E-01 
6.61E-01 
7.25E-01 
7.81E-01 
8.42E-01 
8.64E-01 
9.35E-01 
9.78E-01 
1.02E+00 
1.08E+OO 
1.12E+00 
1.17E+00 
I.20E+00 
1.23E+00 
1.26E+00 
1.30E+00 
1.33E+00 
1.37E+00 
1.42E+00 
1.46E+00 
1.46E+00 
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Table 2 (continuation) 



i w 

tad 



Example 4 




Example 5 




Radius 


Pore vol. 


Radius 


Pore vol. 


A 


[cc/g] 


A 


[cc/g] 


11.42 


O.OOEtOO 


11.53 


0.00E+00 


13.1 


2.03E-O4 


13.2] 


O.OOE+OO 


13.84 


4.84E-Q4 


13.96 


Q.QOE+00 


14.62 


8.55E-04 


14,76 


D.QOE+00 


15.45 


8.55E-04 


15.61 


o.ooe+oo 


16.34 


1.43E-03 


16.53 


O.OOEtOO 


17.29 


1.99E-03 


17.5 


O.OOE+00 


18.31 


2.76E-03 


18.54 


(KOOE+OO 


15.42 


3.66E-03 


19.62 


0 OOEH-00 


20.62 


4.66E-03 


20.67 


0 G0E+00 

U i W \J i-J 1 \J\J 


21.95 


5.28E-03 


22.07 


8.42E-04 


23.43 


743E-03 


23.6 


2.46E-03 


25.05 


9.32E-03 


25.06 


7,19E-03 


26.81 


1 .20E-02 


26.81 


1.43E-02 


28.6 


1.44E-02 


29.04 


3.27E-02 


31.07 


2.13E-02 


31.52 


6.26E-02 


33.73 


2.74E-02 


34,19 


L3OE-01 


35.5 


3.11E-02 


36.38 


L72E-01 


3(5.86 


3.62E-02 


37.74 


2.19E-01 


311.27 


4.16E-02 


39.01 


2.76E-01 


39.8 


4.70E-02 


40.42 


3.50E-01 


41.38 


5.4E-020 


42.18 


4.31E4H 


42.86 


6.07E-02 


43.99 


5.02E-01 


4102 


7.54E-02 


4.5.86 


5.77E-01 


47.43 


8.54E-02 


47.73 


6.20E-01 


49.24 


9.49E-02 


49.82 


6.82E-01 


51.54 


1.15E-01 


52.22 


7.22E-01 


54.56 


1.35E-01 


54.67 


7.53E-01 


57.72 


1.60E-01 


57.77 


7.84E-01 


60.69 


1.83E-01 


60.98 


8,03E-01 


64.47 


2.22E-01 


64.49 


8.22E-01 


6fi,87 


2.59E-01 


67.94 


8.32E-01 


73.48 


3.17E-01 


72.52 


B 48E-01 


78.91 


3.69E-01 


7!?.39 




8f .69 


4.43E-01 


84 04 


B 66E-01 


93.44 


5.16E-01 


90.57 


8 74E-0 1 

Oil T4— i u i 


102.31 


6 05E-01 


08 5 


R 81E-01 

□ . a il u i 


1 1 ") 4R 








125.17 


7.70E-01 


120.35 


S.96E-01 


141.76 


8.55E-01 


135.46 


9.03E-01 


161.22 


9.36E-01 


154.42 


J.09E-01 


190.61 


1.03E+00 


177.26 


J.16E-01 


232.53 


1.09E+O0 


226.1 


3.28E-01 


294,97 


1.15E+00 


301.37 


3.36E-01 


440.19 


1.2OE+00 


453.46 


J.51E-01 


767.58 


1.23E+00 


857.48 


9.68E-01 


1530.56 


1.2SE+00 


1497.5 


9.76E-01 



5 
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Table 2 (continuation) 



Example 


6 


Exam ole 7 




Radius 


Pore vol. 


Radius 


Pore vnl 


A 


[cc/g] 
OO.OOEtOO 


A 




11.64 


11.51 


0 00E+OO 


13.34 


OO.OOE+00 


13,23 


O.O0E+00 


14.11 


OO.OOE+OO 


13.89 


0.0OE+O0 


14.95 


OO.OOE+00 


14.72 


0.00E-I-OQ 


15.81 


00.00E+O0 


15.65 


Q,00E+OO 


16.7 


OO.OOE+OO 


16.41 


O.0OE+O0 


17.6 


OO.OOE+00 


17.26 


O.QOE+00 


18.61 


00.00E+0O 


18.45 


O.OOE+00 


19.71 


5.42E-04 


19.57 


O.OQE+OO 


20.96 


2.71E-03 


20.67 


7.98E-C5 


22.33 


8.35E-03 


22.05 


1.68E-C3 


23.72 


1.95E-02 


23.48 


4.S7E-C3 


25.38 


4.11E-02 


25.13 


1.34E-02 


27.22 


7.72E-02 


27.09 


2.72E-G2 


29.29 


1.37E-0I 


29.12 


4.50E-C2 


31.68 


2.49E-01 


31.53 


7.46E-G2 


34.38 


4.03E-01 


34,18 


U8E-G1 


36.44 


4.65E-01 


36.1 


1.47E-01 


37.77 


5.25E-01 


37,59 


1.90E-Q1 


39.13 


5.73E-01 


39,18 


2.48E-01 


40.59 


6.18E-01 


40,51 


2.95E-01 


42.22 


6.52E-01 


42,1 


3.82E-01 


43.92 


6.85E-01 


44.09 


4.59E-Q] 


45.83 


7.13E-01 


45.93 


5.49E-01 


47,88 


7.37E-01 


47.92 


6.28E-01 


50.2 


7.61E-01 


50.08 


6.98E-01 


52.61 


7.82E-01 


52.46 


7.58E-Q1 


55.02 


8.02E-01 


55,2 


8.13E-0I 


57.99 


8.25E-01 


58.04 


8.60E-OI 


61.48 


8.45E-01 


61 


8.91E-01 


64,97 


8.66E-01 


64.59 


9,22E-0l 


69.06 


8.91E-01 


69.06 


9.46E-0 1 


74,04 


9.18E-01 


73.47 


9 64E-0 L 


79.61 


9.49E-01 


78.2 


9 80E-0 1 


85.86 


9.79E-01 


84.07 


9 96E-0 1 


93.22 


1.02E+00 


92.31 


1 ,02E-h00 


102.36 


1.05E+00 


102.41 


1.03E+Q0 


113.32 


1.07E+00 


111 74 




125.91 


1.09E+00 


123.75 


1.06E+00 


141.67 


l.ilE+OO 


137.64 


1.06E+00 


164.7 


1.12E+00 


161.76 


1.08E+OI) 


193.16 


1.14E+00 


1 90.92 


1.09E+0O 


238.94 


1.15E+00 


230.14 


1.10E+00 


307.19 


1.17E+00 


299.79 


l.UE+OO 


447.68 


1.18E+0O 


453.25 


1.13E+00 


698.1 


1.19E+00 


737.46 


1.16E+0!) 


1007.91 


1.19E+00 


1367.11 


1.18E+00 
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CLAIMS 

5 

1. A procedure for manufacturing boehmitic and/or pseudo-bo ehmitic alumina 
by precipitating basic and/or acidic aluminum salts, characterized by the fact 
that precipitation takes place from an aqueous medium containing the 
following as the crystal nuclei: 
10 (a) 0.1 to 5 %w/w of alumina hydrates and/or aluminas relative to the 

precipitated alumina hydrates and computed as AI2O3, wherein the 
crystal nuclei (a) in the medium exhibit an average diameter of 20 to 
150 nm. 

15 2. The procedure for manufacturing alumina hydrates by precipitating basic 
and/or acidic aluminum salts, characterized in that precipitation takes place 
from an aqueous medium containing the following as the crystal nuclei: 
(b) 0,1 to 5 %w/w of organic polymers/oligomers relative to the 
Ul precipitated alumina hydrates and computed as AI2O3, which form 

20 latices in the medium, wherein the crystal nuclei (b> in the medium 

3 exhibit an average diameter of 1 2 to 250 nm. 

S 3 ' procedure according to one of the preceding claims, characterized in that 

ry crystal nuclei exhibit an average diameter of 20 to 150 nm, preferably 50 to 

25 100 noi. 

4. The procedure according to one of the preceding claims, chaiacterized in that 
crystal nuclei in an amount of 0.5 to 2 %w/w relative to the precipitated 
alumina hydrates and computed as AI2O3 are used for precipi:ation. 



30 



The procedure according to one of the preceding claims, characterized in that 



35 



the crystal nuclei are prepared in an aqueous, acidic solution and 
one or more basic aluminum salts and one or more acidic aluminum 
salts are jointly added. 
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6. The procedure according to one of the preceding claims, characterized in that 
5 polyaorylic acids, polymethacrylic acid, polyacTylates. polystyrenes, 

polyvinyl acetates, polyvinyl versalates and their mixtures or copolymers are 
used &s organic polymers, 

7. The procedure according to one of the preceding claims, characterized in that 
10 alkali aluminates, earth alkali aluminates or aluminum hydro: cy salts are used 

as the basic aluminum salts. 

8. The procedure according to one of the preceding claims, characterized in that 
aluminum sulfate, aluminum nitrate, aluminum chloride; or aluminum 

15 formiitte are used as the acidic aluminum salts. 

9. The procedure according to one of the preceding claims, characterized in that 
the bulk of the alumina hydrate is precipitated at a pH value of 5 to 9, 
especially preferred 6 to 8. 



20 



10, The procedure according to one of the preceding claims, characterized in that 
the crystal nuclei (a) and (b) are used jointly. 



11. A bocihmitic alumina and/or pseudo-boehmitic alumina with a pore volume 
25 of 1.25 to 1.6 ml/g and an average pore radius of 6 to 1 2 nm, each relative to 

a determination based on pore radii of 0 to 100 nm, at a crystallite size, 
determined on the 120 reflex, of 3 to 5 nm, manufactured according to a 
procedure described in the preceding claims. 

30 
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D-99 004 PCT Abstract as originally filed 

ABSTRACT 

The invention relates to a procedure for manufacturing alumina hydrates by 
precipitating aluminum salts in the presence of crystal nuclei of a specific size. 
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As a below named inventor, 1 hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

Method of Producing Aluminum Hydroxides by Precipitating Aluminum Salts in the Presence of Seed Crystals 



r. the specification of which 



Q Application Number 10/019,795 

and was amended on 
yi (if applicable) 

0 I hereby state that I have reviewed and understand the contents of the above identified specification, 
J* including the claims, as amended by any amendment referred to above. 

l M I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
Si known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application^) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT International application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Application (s) Priority Not Claimed 



19930924.8 Germany 6 July 1999 □ 

(Number) (Country) (Day/Month/Year Filed) 



English Language Declaration 



(check one) 



□ is attached hereto. 

U was filed on January 4, 2002 



as United States Application No. or PCT International 



□ 



(Number) 



(Country) 



(Day/Month/Year Filed) 



□ 



(Number) 



(Country) 



(Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



(Application oenai no.) 


/Filinn HatA\ 
y llliiy L/cUt?/ 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
U Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
O Section 1 .56 which became available between the filing date of the prior application and the national 
O or PCT International filing date of this application: 



PCT/DE00/02138 


5 July 2000 


Pending 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 



1 hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



JC02Rec'dPCT/PTO 0 2 APR » 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

ACTING AS RECEIVING OFFICE FOR THE PCTJQ/ Q 1^ 7 95 



In re Application of: 

Rainer Gloeckler and Arnold Meyer 

IntT. Appln. No. : PCT/DE00/02 1 3 8 

Int'l. Filing Date: 05 July 2000 

Priority Date: 06 July 1999 

For: Method of Producing Aluminum 
Hydroxides by Precipitating 
Aluminum Salts in the Presence 
of Seed Crystals 
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Attorney Docket No.: Muller-41 
U.S. Serial No.: 10/019,795 
U.S. Filing Date: 
Art Unit No. 



Examiner: 



January 04, 2002 
To Be Assigned 
To Be Assigned 



TRANSMITTAL LETTER 

Box PCT 

Assistant Commissioner for Patents 
Washington, DC 20231 

Attn.: DO/EO/US 
Sir: 

Enclosed for filing in the above-identified application are the following: 

1 . Response to Notification of Missing Requirements Under 35 U.S.C. §371 in the United 
States Designated/Elected Office (DO/EO/US) (1 page); 

2. Copy of Notification of Missing Requirements (1 page); 

3 . Declaration and Power of Attorney (4 pages); 

4. Check in the amount of $250 for the combined Declaration surcharge of $130 and the 
additional claim fees of $120; 

6. Acknowledgment postcard; and 



04/08/2002 HHGUYEN 00000023 10019795 



01 FC:154 

02 FC:966 

03 FC-.964 



130.00 OP 
36.00 OP 
84.00 OP 



7. Duplicate copies of this transmittal letter for the Assistance Commissioner's use in 
crediting overpayment or charging any additional fees due to Deposit Account No. 02- 



Browning Bushman P.C. 
5718 Westheimer, Suite 1800 
Houston, TX 77057-5771 
Tel: (713)266-5593 
Fax: (713)266-5169 

CERTIFICATE OF EXPRESS MAILING 

I, C. James Bushman, hereby certify that this correspondence and all referenced enclosures are being deposited by me 
with the United States Postal Service as Express Mail with Receipt No. EL715549416US in an envelope addressed to: 
Box PCT, Assistant the Commissioner for Patents, U.S. Patent and Trademark Office, Washington D.C. 20231, on 
April 2, 2002. r% ^ 



4345. 



Respectfully submitted, 



C. James Bushman 




Reg. No. 24,810 
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POWER OF ATTORNEY: As a named inventor, i hereby appoint the following attorney(s) and/or 

agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (list name and registration number) 

C. James Bushman, Reg. No. 24,81 0 

Loren G. Helmreich, Reg. N o. 29,389 

Carlos A. Torres, Reg. No. 24,264 

Marvin B. Eickenroht, Reg. No.j7,279 

Eugene N. Riddle, Reg. No. 18,541 

Tim Cook, Reg. No. 52j5£L 



Send Correspondence to: CJ^M^k 

Browning Bushman P.C. 

571^ Westheimer, Suite 1800 



Houston, Texas 77057^5 771 





Direct Telephone Calls to: (name and telephone number) 
C. James Bushman, 713-266-5593 




SSK& 










Full name of sole or first inventor 
Rainer Gloeckler _ 




Sole or first inventor's signature 

£tum *pt 




Date 

02>[OllZOOZ 




Residence f 
Brunsbuettel. Germany 








Citizenship 
Germany 




Post Office Address 
Berliner Strasse 21 




D-25541 Brunsbuettel, Germany 










Full name of second inventor, if any 
) Arnold Meyer 




Second inventor's signature 




Date 




Residence 

St. Michaelisdonn, Gerri 


iany Dfc / 




Citizenship 
Germany 




Post Office Address 
Hohe Geest 11 




D-25693 St. Michaelisdonn, Germany 



